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1 Introduction

The Antarctic continent holds the equivalent of 70% of the world’s
freshwater, over 170 types of minerals, and large deposits of natural gas
(Andrade et al. 2018). Its surrounding area is an alternative navigation
route due to its proximity to the southern hemisphere continents. Due to
these characteristics, Antarctica, South America, the South Atlantic, and the
countries of the western African coast have been included in Brazil's Strategic
Environment, being areas of priority interest in the National Defense White
Paper (Brazil 2016) and the National Defense Policy (Brazil 2020).

The Treaty of Antarctica was signed in 1959 by countries that claimed
possession of parts of the Antarctic continent but agreed to suspend their
claims indefinitely, allowing the freedom of scientific exploration of the
continent under an international cooperation regime. The treaty came into
effect in 1961, and Brazil joined in 1975. Subsequently, with the creation of
the Brazilian Antarctic Program (PROANTAR)3, Brazilian scientific research
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3 Established on January 12, 1982, the Brazilian Antarctic Program (PROANTAR) aims to pro-
mote diverse and high-quality scientific research in the Antarctic region with the purpose of:
understanding the phenomena occurring there that have global repercussions, particularly on
Brazilian territory; and ensuring the country’s status as a Consultative Member of the An-
tarctic Treaty, achieved in 1983, which guarantees Brazil’s full participation in the respective
decision-making processes. PROANTAR uses the Antarctic Operation (OPERANTAR) as an
operational arm for implementing the National Policy for Antarctic Affairs (POLANTAR), whi-
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in the region was intensified, supporting the country’s full participation in the
Antarctic Treaty Consultative Meetings (ATCM), the treaty’s main decision-
making forum (Andrade et al. 2018).

The Antarctic Treaty sought to curb territorial interests that could drive
military activities in the region. Thus, in 198, Brazil conceived the National
Policy for Antarctic Affairs (POLANTAR) “with a goal to achieve the country’s
objectives in Antarctica, considering the commitments assumed within the
framework of the Antarctic Treaty System (STA)+” (Brazil 2022b). The National
Defense Policy also emphasizes the exploration of Antarctica exclusively for
scientific research purposes, with the preservation of the environment and its
maintenance as a heritage of humanity (Brazil 2020).

Although geographically isolated, the Antarctic Continent is not
exempt from the consequences that involve the countries that are signatories
to the Treaty, which carry out research and have explicit interests in that
region. The still ongoing Ukrainian War is part of this context, as it reignites
animosity between the USA, Russia and China. This presents the potential for
instability in the international system, capable of impacting other important
strategic regions, which include Antarctica (Press 2022; McGee, Edmiston,
and Haward 2022b).

This research evaluates possible geopolitical impacts resulting from
the Ukrainian War on the STA. Although these events are apparently isolated
from each other, the study shows that there are common aspects that influence
each other in a complex network of interactions. As it involves events that
are still ongoing, the research is relevant for bringing to light a series of
driving forces (FM) with high potential for influence in the medium and long
term, capable of promoting militarization initiatives on the continent. This
assessment is also important for Brazil, as the scenarios raised have impacts
on a region in Brazil's strategic surroundings. Additionally, the results of
the study may lead to the ratification of objectives or provoke an eventual

ch establishes the country’s principles and objectives in the region. PROANTAR is coordinated
by the Interministerial Commission for Marine Resources (CIRM) and has four branches:
scientific, environmental, logistical, and foreign policy, coordinated respectively by the Ministry
of Science, Technology and Innovations (MCTI) and the National Council for Scientific and
Technological Development (CNPq); the Ministry of the Environment (MMA); the Ministry
of Defense (MD); and the Ministry of Foreign Affairs (MRE). It is the responsibility of these
ministries to work together to implement POLANTAR (Brazil 2022b).

4 The Antarctic Treaty was the embryo of a more comprehensive system, which evolved from
its fundamental points — exclusively peaceful use of the continent, freedom of scientific rese-
arch, freezing of territorial issues — into a complex set of rules and instruments dealing with
a wide range of topics, giving rise to what is now known as the Antarctic Treaty System (STA)
(Aguiar and Mattos 2018).

133



The Impact of the Ukraine War on Antarctic Geopolitics through Fuzzy Cognitive Maps

reorientation of the Brazilian Antarctic Program. This research contribution
aligns with Strategic Defense Action n. 83, which establishes the need to
“increase Brazilian participation in decisions about the fate of the Antarctic
region” (Brazil 2020).

Initially, the study approached the Treaty of Antarctica and its
importance for the country, investigated international interests in Antarctica
and expressed possible impacts of the Russo-Ukrainian War, composing a
complex system with FM derived from these issues. The cause-and-effect
relations between these FMs were evaluated by 28 geopolitical experts, with
experience in PROANTAR activities. This later system was modeled by an
artificial intelligence algorithm called Fuzzy Cognitive Maps. The results
showed the evolution or regression of these forces in the face of favorable and
critical scenarios on the maintenance of the Antarctic continent under the
current condition of the Treaty.

2 The Antarctic Treaty and its importance for Brazil

The Antarctic continent has extreme characteristics. With 13,661,000
kmz2 (equivalent to 1.6 times the area of Brazil), it has an average temperature
between -30 oC in the summer and -60 oC in the winter. High pressure
centers and cold fronts influence the climate of several continents, especially
South America. The accumulation of ice means that Antarctica has the
equivalent of 70% of the planet’s freshwater. Cimara and Melo (2018) describe
the possible existence of oil, natural gas, rare and precious metals. Colacrai
(1998) mentions reserves of gold, silver, cobalt, nickel, tin and uranium.
Thorp (2012) estimates reserves of 50 billion barrels of oil in the Ross and
Weddell Seas. The region also has a large quantity of krill, which is part of the
Antarctic zooplankton, and is the basis of the ocean food chain (Mattos 2014).
The location of Antarctica is also strategic, as it passes international maritime
routes in the Drake Passage and the Cape of Good Hope, which connect the
Pacific, Atlantic and Indian oceans (Camara e Melo 2018). This set of strategic
characteristics aroused the interest of several countries.

Due to its distance, characteristics and climate, the Antarctic
continent began exploration late. Andrade et al. (2018) describes that the first
reports of activity in the region date from the end of the 18th century to the
mid-19th century, with the exploration of Antarctica and its surroundings by
commercial interests that aimed to obtain seal skins and whale oil. At the
beginning of the 2oth century, commercial polar exploration began to be
replaced by exploratory and scientific bias (Andrade et al. 2018).

With an increase in expeditions to the region, territorial claims
began. Several theories used to justify ownership rights were developed:
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the Discovery Theory. according to which the countries that initially found
and explored Antarctic lands would have the right; the Theory of Contiguity
and Continuity, which would give rights to the closest States; the Theory of
Sectors, which implies the division of Antarctica into sectors defined based on
the interface of States with the continent; the Defrontation Theory, supported
by Brazilian geopoliticians Teresinha de Castro and Meira Mattos, according
to which the facing countries in the Southern Hemisphere would have the
right to sectors of the continent according to the southern projection of their
respective coastal landmarks to the East and West over the region. There is
also Effective Occupation, which attributed the right to portions of Antarctica
to countries that effectively occupied the continent with scientific activities
such as research, expeditions and permanent or temporary bases (Vieira
2000).

Based on these theories, several countries presented their territori-
al claims, as shown in Fig. 1. The United Kingdom, in 1908, was the first
to claim territory, followed by New Zealand (1923), France (1924), Australia
(1933) and Norway (1939) (Mattos 2014).

Figure 1 — Territorial Claims in Antarctica
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Source: Andrade et al. (2018).

In 1940, Argentina and Chile formalized their territorial claims.
There were coincidences between their areas and those of interest to the
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United Kingdom. In 1949, the countries signed a joint declaration, according
to which they committed not to send warships to the region. There was,
however, a dispute between Argentina and the United Kingdom in 1952,
which was resolved by diplomatic means, demonstrating the risk, however,
that new incidents would occur (Mattos 2014).

The issue of the occupation of Antarctica gained momentum with the
end of World War II, when disputes between Argentina, Chile and the United
Kingdom intensified. In parallel, the Cold War motivated the USA and the
former USSR by increasing their zones of influence and, consequently, the
fear of conflict in the region. Furthermore, there was a fear, on the part of
countries with territorial claims, that a proposal for the internationalization
of Antarctica, led by India, would prosper (Castro 1976). As a result, Chile
presented the Declaration of Escudero, which was the basis of the Treaty
of Antarctica and which suggested “a moratorium on territorial claims; an
agreement for the exchange of scientific data; and a declaration that stations
and expeditions to the region would not constitute grounds for future claims”
(Mattos 2014, 171).

In 1959, at the invitation of the USA, 12 countries met in Washington
to study and propose a single legal regime for the sixth continent. Thus,
the Treaty of Antarctica was signed on December 1, 1959, by the original
signatories: Argentina, Australia, Belgium, Chile, United States, France,
Japan, Norway, New Zealand, United Kingdom, South African Republic and
the former USSR. These countries were those that, at the time, had the greatest
representation in research, expeditions and the establishment of scientific
stations in the region. The Antarctic Treaty came into force on June 23, 1961,
following ratification by the original 12 signatories. It should be noted that
Brazil was not part of the signing, as it was not carrying out relevant scientific
activities at the time (Mattos 2014). Despite the formal complaint sent by the
country, the lack of strategic vision and interest demonstrated at the time
prevented Brazil from obtaining the status of original member and signatory
of the Antarctic Treaty (Medeiros and Mattos 2019; Mattos and Camara 2020).

In the Treaty of Antarctica, some articles mark the peaceful character
of the continent: Art. I determined that the continent has a favorable and
specific use for research and prohibits the establishment of bases or the
carrying out of military exercises, except those that are to support research;
Art. II specifies freedom of scientific research in the region and promotes
international cooperation; Art. IV establishes the freezing of territorial claims;
and Art. V prohibits weapons testing, including nuclear weapons (Hanessian
1960).

Despite being explicit in its text, territorial demands were not closed
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when the Treaty of Antarctica was signed. There is also concern about possible
duals use of scientific support stations, according to Art. I, Item 2: “This Treaty
shall not prevent the use of military personnel or equipment for scientific
research or for any other peaceful purpose”, with the potential for a veiled
militarization of the continent (Hanessian 1960).

In the functioning of the STA, it is important to understand the role of
the ATCM® which meets annually to decide on the main issues involving the
continent (Wanlu 2021). Two groups are part of it: the consultative members
who have voting and veto rights, which are made up of the 12 original signatory
countries and another 17 countries that maintain relevant scientific activities
in the region, such as expeditions and maintenance of research bases. In
addition to these countries, there is a group of 24 non-consultative members,
who appear on the ATCM councils as listeners and without voting rights
(Molenaar 2021). Brazil is part of the consultative members of ATCM, due to
its activities on the continent, which corroborate the existence of PROANTAR
(Brasil 2016).

Another aspect to highlight in the STA is the Madrid Protocol, which
establishes guidelines for the continent’s environmental use and ultimately
prevents the exploitation of natural resources. It was signed on October
4, 1991, and came into force on January 14, 1998 (Bastmeijer 2018). The
“Madrid Protocol granted Antarctica the status of ‘International Natural
Reserve dedicated to Science and Peace’ and can only be modified in 2048, as
long as there is unanimous agreement from the consultative members of the
Antarctic Treaty” (Brasil 2016). After this period, at the request of one or more
advisory members, it may be revised, becoming more flexible and permissive
to issues involving authorization for the exploitation of natural resources.

Table 1 illustrates the investment and engagement of consultative
member countries in the region. The USA has the largest program and the
largest scientific research base, the McMurdo station, built in 1956, which
embarksupto1300 peopleinthe summer. Inaddition, they builtthe permanent
Amundsen-Scott scientific station, strategically located at the Geographic
South Pole (Mattos 2014). Although their Gross Domestic Products (GDP)
are significantly lower than those of Brazil, Chile and Argentina carry out a
greater volume of research activities. Russia has a structure inherited from

5 A dual-use activity is intended for two different purposes. In the case of Antarctica, these
would be activities related to scientific research and military activities

6 The Antarctic Treaty Consultative Meeting - ATCM is held annually on a rotating basis among
its members. This is a forum composed of representatives of the Antarctic Treaty, who delibera-
te on the establishment of standards for activities in Antarctica, in line with the principles and
objectives of the Treaty (Brazil 20106).
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the former USSR, going through a period of stagnation after the dissolution
of the Soviet Union, but with a recent recovery.

China has a rapidly developing program, which began in 1964 and
has seen a strong increase since 2008, with the establishment of specific
policies for the region through the Polar Research Institute, subordinate to
the Ministry of Land and Natural Resources. The country has a great interest
in issues involving krill fishing and has recently opposed the establishment
of environmental protection areas in the region. India’s research program has
accompanied the country’s economic growth, which characterizes a stance of
non-alignment with the international use of the continent and has revisionist
actions for the region (Aguiar and Mattos 2018).

Table 1 - Comparison between Antarctic programs

Countries Consultative | Permanent Seasonal Other Total
Member Stations Stations Facilities”

USA Yes 3 o 4 7
Russia Yes 7 5 o 12
China Yes 2 I I 4
India Yes 2 o o 2
Chile Yes 3 7 2 12
Argentina Yes 6 7 o 13
Brazil Yes 1 o I 2

Source: Adapted from Andrade et al. (2018).

In relation to the Brazilian program for Antarctica, Mattos (2014)
highlights that, in 1975, Brazil signed the Term of Adhesion to the Antarctic
Treaty but could only have its membership as a consultative member with the
right to vote ratified by the other consultative members, after scientific research
was carried out in the region. Based on this, Brazil approved the Brazilian
Antarctic Program and carried out, in 1982, the first scientific expedition in
Antarctica. In 1983, Brazil was accepted as a consultative member, gaining
voting rights. In 1984, the Comandante Ferraz Antarctic Station (EACF) was
inaugurated.

Operation Antarctica (OPERANTAR) is made possible through the
Navy and is carried out annually between the months of October and April,
comprising the Antarctic summer. In this Operation, ships and aircraft from
the Brazilian Navy and Air Force (FAB) logistically support research projects
in the various areas of interest. The Armed Forces (AF) carry out flights to

7 Includes small stations, called refuges; airfields; laboratories; camps; and deposits.
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transfer equipment and research personnel to collection sites, which can
be located in the vicinity of the EACF itself, in refuges or in pre-established
areas. The program is supported by the airstrip at the Chilean station Base
Frei Eduardo Montalva (Andrade et al. 2018).

Antarctica was included in the National Defense Policy (PND) as part
of the Brazilian strategic environment along with South America and the west
coast of Africa (Brazil 2020). The PND highlights the existence of resources
in the region that can be a reason for greed and international instability.
Despite the fact that Brazil has not formulated territorial sovereignty claims in
Antarctica, POLANTAR highlights the country’s right to protect its direct and
substantial interests, if the functioning of the Treaty is revised (Brasil 2022b).
To this end, the country has invested in research and infrastructure, aiming
to maintain the status of consultative member of the STA, with emphasis on
the acquisition of NPo Alte Maximiano and the reconstruction of the EACF
(Agostinho 2019; Andrade et al. 2018). Recently, the Navy announced the
project to build a new Antarctic Support Ship, replacing the Oceanographic
Support Ship Ary Rongel (Brazil 2022a).

Antarctica has a high potential for natural resources and a possible
change in the exploration regime established in the Madrid Protocol will
impact national interests in the region. Antarctica exerts a significant
influence on the climate of the Southern Cone, affecting food security and
Brazilian agricultural capacity. Furthermore, Antarctica is a critical point
for international maritime trade, due to the various shipping routes that
surround it. A possible imbalance in the equilibrium of power and the high
demand for natural resources due to the growth and development of world
society could encourage Russia, China and even India to promote actions and
alliances in exchange for revisionist agendas in 2048, the revision year of
the Madrid Protocol (Hashimoto 2018; Dodds 2019; McGee, Edmiston, and
Haward 2022a).

3 International interests in Antarctica

The STA was able to maintain balance on the continent by avoiding
conflicts and freezing territorial claims. This stability may “mask the climate
of previous periods in which Antarctica and the Southern Ocean were sites
of significant international discord” (McGee, Edmiston, and Haward 2022b).
The Antarctic Treaty was created in a context of increasing incidents between
territorial states, during global polarization between the USA and the former
USSR, during the Cold War. The treaty emerged as a response to these
circumstances and has been effective in achieving the objectives of keeping
the continent free from conflicts and territorial disputes, non-militarized and
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focused on scientific research.

Its structure finds a diplomatic solution that establishes a balance
between persistent claims and the possibility of new requests. However, some
devices that were sufficient at the time may not be as effective in the current
context. Art. IV, for example, establishes the “freezing” of past claims and the
non-extinction of rights to future claims. This device may be activated by one
of the Contracting Parties and territorial claims may return to the agenda in
2048 (Hanessian 1960).

On the other hand, there are loopholes for the use of military
capabilities on the Antarctic continent. Art. I allows the logistical use of
equipment, bases, material and military personnel in support of research.
This device may suffer distortions due to the interests of States, providing
dual use of these capabilities and initiating a slow and veiled militarization
of the continent. This could compromise the STA and fuel an arms race
(Hanessian 1960; McGee, Edmiston, and Haward 2022b).

The global context is different from that in force during the signing of
the Treaty. Climate change has reduced the thickness of the ice sheet, making
navigation to the continent easier. New resource extraction technologies
have made the exploration of Antarctica possible, economically viable and
advantageous. The advancement of communications and technology for
logistical support has made the Antarctic continent “closer” and “more
accessible”, increasing its geopolitical importance. Linked to these factors,
the post-Cold War globalization process brought the development and growth
of societies with a proportional increase in demand for resources and energy.
Furthermore, new actors have emerged, generating another balance of power,
which exert pressure for changes to the STA status quo (Hanessian 1960;
McGee, Edmiston, and Haward 2022b).

Four main factors with the potential to foment disputes were
highlighted by (Hanessian 1960; McGee, Edmiston, and Haward 2022b):
mineral resources, fishing, maritime routes, and the ability to use Antarctic
space for communications and satellite monitoring. The geological structure
of Antarctica allows for the existence of minerals of important economic and
strategic value, including rare earth minerals, oil and gas. New prospecting
technologies may bring pressure on the Madrid Protocol, which in its Article
7 establishes that “any activity related to mineral resources is prohibited,
except scientific research” (Hanessian 1960).

Fishing can become another source of conflict. Krill in particular,

in addition to species such as Patagonian toothfish, have been sought after
by China and Russia. Activities are regulated by the Commission for the
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Conservation of Antarctic Marine Living Resources®. The CCAMLR establishes
a total catch quota by area, species and locations for fishing fish and krill.
However, China and Russia have exploited their veto power in ATCM to block
the creation of an environmental protection area and increase restrictions that
could impact their activities in the region (Aguiar and Mattos 2018).

The Antarctic Ocean can be used as a maritime route between the
Pacific, Atlantic and Indian oceans. New navigation technologies, with ships
with greater autonomy and capacity, together with the increase in global
trade, generate increased demand and consequently congestion on maritime
routes. The experience of sailing in the Antarctic seas makes passage through
the oceans of the Antarctic Treaty Area an important alternative (Pereira 2013;
Visentini 2022).

Several research stations in Antarctica are operated by the military and
may contain dual-use equipment, civil and/or military. (McGee, Edmiston,
and Haward 2022D) cites the use of modern drones for surveillance, with
high autonomy and great range, as another challenge to STA. These systems
would initially be used for maritime surveillance, supporting search and
rescue operations, monitoring fishing in the Southern Ocean and monitoring
compliance with the Antarctic Treaty. There is, however, the possibility of using
drones with military capabilities (i.e. transporting weapons) and monitoring
facilities, which would constitute a violation of the terms of the Antarctic Treaty.
In the past, Germany, Norway, the United States, Russia, India and Japan
have operated satellite ground receiving stations on the continent. Currently,
China and Russia are interested in expanding the coverage and accuracy of
their global positioning systems, the BeiDou and Global Navigation Satellite
System (GLONASS) networks, respectively. These networks are alternatives to
the global positioning system (GPS) and can similarly support military firing
guidance systems, for example (McGee, Edmiston, and Haward 2022D).

The strategic interests of some countries are also aligned with this
context of militarization of the Antarctic continent. The USA has been part
of the Antarctic Treaty since the beginning, positioning itself as the leader of
the system. They invest huge resources in research in the region and have
primacy in the number of stations, bases and human resources. Russia has
a long history on the continent, having inherited the legacy of the USSR’s
Antarctic program, which has always presented a consistent policy for the
region, with investments on different bases. From the 2000s onwards,

8 The 1980 CCAMLR Convention, which established CCAMLR, includes major distant-water
fishing states and supranational organizations such as China, Russia, Japan, South Korea, the
United States and the EU, as well as emerging states in developing Brazil, India and South
Africa (McGee, Edmiston, and Haward 2022b).
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Russia sought to reoccupy its prominent position on the international scene,
prioritizing resources for the Antarctic project (Witker 2015; Makuc 2018).

Russia has shown special interest in krill fishing and activities aimed
at expanding the region’s use, revitalizing its fishing fleet in distant waters
to increase revenue from seafood exports (Boulegue 2022). Russia considers
Antarctica to be a space of geopolitical, geoeconomic and geoscientific
competition, in which its interests need to be safeguarded and protected —
just as in the Arctic — including by military means. In this context, Boulegue
(2022) highlights that Russian scientific research can mask resource
prospecting activities and intelligence and surveillance activities.

China has a high potential for imbalance in the STA, due to its
growing protagonism and its initiatives in shaping treaties to its interests
(Young 2021). In its five-year plan (2016-20), China declared its intention
to review the governance of new fields of activity, which include the polar
regions, with the aim of becoming a “polar power” (Aguiar and Mattos 2018).
China has been exploring fishing and tourism in the region, in addition to
showing the potential to lead a coalition of states in search of mineral wealth.
Its interests on the continent include new shipping routes, mineral extraction
and the use of the Antarctic aerospace environment for positioning satellites.
China has sought to consolidate these interests through huge investments in
the logistics of its program, with an increase in the number of bases, ships
and research (Young 2021).

When the Treaty was created, India adopted a stance of non-
alignment with other countries, opting not to join the TA and focus on the
internationalization of the Antarctic continent. At that time, the Indian
program made little progress, due to low economic development and low
priority for research, as the country was involved in internal disputes in the
post-colonial period. Subsequently, with the country’s economic growth,
associated with the demand for resources, the country changed its political
stance towards the region. More recently, the Indian Antarctic program
has made significant progress, currently having three permanent stations.
Despite advances, dependence on external logistical support still represents
a weakness in its program, as the Indian Navy does not have polar ships and
research depends on outsourcing air support (airstrips and aircraft). As part
of its foreign policy, the country has sought to increase its influence related to
the governance of Antarctica, through alliances, including the Quadrilateral
Security Dialogue (QUAD)? and the Logistics Exchange Memorandum of

9 The Quadrilateral Security Dialogue (Quad) was created in 2007, forming an informal strate-
gic group with the USA, Japan, Australia and India, representing a diplomatic reaction to con-
tain China’s growing economic and military influence in the Indo-Pacific region. The group
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Agreement (Logistics Exchange Memorandum of Agreement - LEMOA)™
(Aguiar and Mattos 2018; Rai 2018).

The distribution of research stations in the USA, Russia and China,
presented in Fig. 2, shows the extent and geographic breadth that these
countries occupy on the Antarctic continent. This allows us to infer the
difficulty of converging claims related to any theory of claim in the region.
The growing installation of research stations may signal an embryo for future
territorial occupation initiatives, something in the form of the legal principle
“uti possidetis”, according to which those who actually occupy a territory have
rights over it. The current impossibility of territorial division of the continent
can encourage alliances capable of putting pressure on the STA to make
exploratory rules more flexible, which favor countries with a greater presence
on the continent (Boulegue 2022).

Figure 2 — Main Russian, Chinese and North American installations in
the Antarctic region
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meets to exchange information and carry out military exercises.

10 The US defense cooperation agreement with India (Logistics Exchange Memorandum of
Agreement - LEMOA) (Aguiar and Mattos 2018).
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Source: (Boulegue 2022).

In South America, Argentina and Chile have robust Antarctic
programs, consolidated territorial claims and great interest in the region,
therefore being relevant on the continent’s geopolitical board. These countries
have the political and scientific capital to influence decisions that could impact
eventual pressure for militarization of the region, as well as the possibility of
extracting natural resources (Colacrai 20106).

The Brazilian program is consolidated, in line with the requirements
established for ATCM consultative members. The Brazilian Navy has made
recent efforts to improve logistical support for PROANTAR, through the
acquisition of the Polar Ship Almirante Maximiano, the reconstruction of the
EACF in 2019 and the construction project of the new polar ship, which will
replace the NApAnt Ary Rongel. The average investment in scientific research
in the Antarctic region has not been maintained over the years. In comparative
terms, other countries have invested more in their programs, installing new
research stations and equipping their Navies with ships with icebreaking
capacity to operate in the region in any season of the year (Agostinho 2019;
Andrade et al. 2018).

Article 25 of the Madrid Protocol establishes rules for modifications to
the document, establishing a series of provisions that condition any change to
consensus among members. Two situations for changes are described: until
20438, the Protocol can be modified at any time, as long as there is unanimity
of the Consultative Parties; After 2048, any change requires approval and
ratification by 75% of the States that were Consultative Parties to the TA in
1991. The Protocol further establishes that prohibitions relating to mineral
resource extraction activities will remain in force unless a new regime is
approved that regulates the subject (Hanessian 1960). Therefore, it is fair
to infer that any changes to the exploration of mineral resources are more
likely to occur through alliances than through imposition. The USA, Russia,
United Kingdom, France, China, Japan and India would probably not accept
impositions or changes that were not consensual.

4 Impacts of the Russo-Ukrainian War

The most immediate and noticeable impact of a conflict of this nature
is evident in the economic environment. In a recent panel, the Federation of
Industries of the State of S3o Paulo (FIESP) analyzed the impact of the Russian-
Ukrainian War on some commodities, comparing variations in the prices of
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the main raw materials, in the period from February 24 to March 18, 2022.
Substantial increases were evident in the prices of Brent Oil (11.4%), Naphtha
(11.4%), Iron Ore (a ton reached US$ 150.59), Coal (a ton reached US$334.50),
Aluminum (highest price since 1995), Copper (highest price since October
2021) and Neon (main input for semiconductor production). The commercial
isolation of Russia and Ukraine, large suppliers of commodities, burdened
the supply chain of several other products, directly or indirectly affected
(FIESP 2022).

Treaties and cooperation agreements tend to expand relations between
countries. However, this logic is reversed during conflicts (Mbah and Wasum
2022; Khudaykulova, Yuanqiong, and Khudaykulov 2022; Orhan 2022). The
Ukrainian War brought shocks to the economies of Russia and Ukraine, in
addition to the economic blockade imposed by the West (Bergeijk 2022). The
flight of investors, the increase in country risk, inflation and high interest
rates have been other consequences. In addition to the direct impact on the
economies of Russia and Ukraine, the risk of extension and expansion of the
conflict brings a dampener to global trade, implying the regionalization of
production chains and reduced efficiency. The restrictions with the closure of
Ukrainian ports on the Black Sea compromise not only the local economy, but
also global trade in wheat, sunflower oil, inputs for computer microchips and
even for the production of vaccines. Russia also suffered strong commercial
impacts with the departure of multinational companies and the interruption
of services by several shipping companies. The economic sanctions imposed
on Russia are unprecedented in scope and strength. Among them are: the
closure of airspace for Russian companies, the ban on investments in the
Russian economy, the freezing of foreign assets at the Central Bank of Russia
and the exclusion of Russian banks from the Society for Worldwide Interbank
Financial Telecommunications (Society for Worldwide Interbank Financial
Telecommunication — SWIFT)" (Liadze et al. 2022; Irtyshcheva, Kramarenko,
and Sirenko 2022; Orhan 2022).

The long-term impacts for Ukraine and Russia are incalculable.
In addition to economic, commercial and productive capacity losses, the
evasion of young people takes technological knowledge abroad. Russia may
suffer tendencies towards isolation from Europe and closer ties with China.
Europe will need to redirect its energy demand to other sources. China, which
initially opted for a “veiled” alignment with Russia, may feel the impact of the
withdrawal from European markets with possible consequences for its New

11 SWIFT is a network formed by banks from different countries aimed at carrying out interna-
tional financial transactions. Created in 1973, it is headquartered in Brussels and is where most
international interbank transactions are carried out.
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Silk Road project (Ciuriak 2022).

Ciuriak (2022) interprets that there was an error in the West’s
assessment regarding the strength of the alliance between China and Russia.
The agreement signed between China and Russia, in the six months before
the invasion, recognized the countries’ interests in Taiwan and Ukraine,
respectively. This reinforces the strategic alignment of both, in which Russia
seeks to regain territories belonging to its former area of influence and China
seeks a geopolitical position favorable to its economic project. Putin defended
the invasion of Ukraine on historical, religious and psychosocial grounds,
claiming there was a Western war against Russia and the need to preserve
the unity of the Slavic peoples. Although calculated, the war highlights
undesirable consequences, related to the extended duration of the conflict,
Ukraine’s resilience and the economic impacts of Western sanctions, with a
direct impact on the world economy.

Papanikos (2022) argues that there is more behind the conflict than
Ukraine’s rapprochement with NATO. In his argument, the Russian advance
was intentionally leveraged by the US, by highlighting a supposed imminent
invasion of Ukraine, reinforcing that it would not become militarily involved in
the conflict. The North American intention would be to promote a resurgence
of NATO, through cohesion against the Russian enemy and the consequent
rearmament of its components and the disruption of Russian energy supplies
to Western Europe. These objectives would aim to regain North American
protagonism and increase its arms and energy industries (Papanikos 2022).

However, Ciuriak (2022) argues in the opposite direction to the US’
supposed intention, highlighting that an immediate consequence of the war
was criticism of the NATO system. For that author, the War in Ukraine brought
new light to the debate about its impotence in the face of Russia’s recent
initiatives in Georgia (2008) and Crimea (2014). (Ciuriak 2022) considers
that the rearmament of Germany and Japan, with the increase in military
spending on acquiring new resources and equipment, is evidence of the low
credibility of an alliance that would precisely have the objective of avoiding
conflicts.

Even though the Ukrainian War did not reach the scale of a global
conflict, its impacts transcend both countries. Commercial, economic,
political and military blocs and alliances form the embryo of a reordering of
the international system. This instability of the international system affects
countries with territorial claims and non-scientific interests over the Antarctic
continent, being analyzed by (McGee, Edmiston, and Haward 2022b), in
The Future of Antarctica: scenarios from classical geopolitics. (Press 2022)
also establishes a connection between Antarctic security and the invasion of
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Ukraine, describing that polar governance suffers a growing double threat,
arising from global warming and global geopolitical instabilities, in particular
driven by the recent war. It is these cause-and-effect relations that this research
intends to survey and analyze, using a methodological tool from Operational
Research, aimed at this type of complex system.

5 Problem modeling

The research continued the work of McGee, Edmiston, and Haward
(2022b). Those researchers initially raised 49 FMs that could undesirably
impact militarization in Antarctica, being categorized into nine groups:
Political, Economic, Social, Technological, Environmental, Legal, Geographic,
Strategic and Historical. This set was later reduced to the 11 most relevant
FMs, based on risk analysis criteria (degree of uncertainty and degree of
importance), evaluated by experts. Each criterion was scored on a scale of 1 to
4, and the multiplication of evaluations determined the score for each Driving
Force. Based on this final list, a new Driving Force was added to the Strategic

group, the War in Ukraine, as shown in Table 2.

Table 2 — Driving Forces considered

= +
AreaField Driving Force LrEsCIpOULL
The instability of the international system, from the point
- view , 1 v Sy A), c d
P1 - Instability of the of view of the .-\nta.rctl.c Treaty S m.(STA,_ an reduce
i, ) ) - the balance in international relations, given possible
Political international system - o e =
(relevant to the STA) changes to multipolarity and power competition,
’ o particularly between China, Russia and the United States,
with potential spillover effect to Antarctica.
El - Strategic The strategic advantage resulting from the military
advantage of the occupation of Antarctica and the Antarctic Ocean can
militarization of encourage and expand non-peaceful activities in the
Antarctica region, damaging research and scientific activities.
Strategic The War in Ukraine has caused political, economic and
military changes in Eastern European countries, in Military
E2 - Ukrainian War Alliances and has influenced diplomatic and commercial
relations in the international community, with a possible
impact on the STA.
- . Development of global positioning systems leads to the use
T1 - Use of receiving i o ST .
o = of receiving stations in Antarctica and the Antaretic Ocean
stations in Antarctica = _
e to support military command and control activities and
for military purposes
- platforms.
T2 - Link between hd
receiving stations in Development of military satellites that use receiving
. Antarctica and mulitary | stations in Antarctica to link military communications.
Technological . . .
= satellites
T3 - Use of infrared . .
€ of uirars | Development of infrared telescopes for target tracking and
telescopes for military e LT = =
military surveillance.
PUIPOSES i
T4 - Usze of UAV: fi - . . .
- &0 s Development of UAVs for deep aerial surveillance in
surveillance and aerial - - . N
attack Antarctica and with the ability to carry out air strikes.
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AreaField

Driving Force

Description

Environmental

Al - Severity of the
impact of climate
change

The magnitude and speed of the increase in global average
temperatures resulting from human activity (primarily
greenhouse gas emissions) remains uncertain. Projections
for the coming decades remain within a wide range, due to
the considerable number of variables.

I1 - Degree of
divergence from STA
obligations

STA obligations restrict parties from militarizing
Antarctica. Furthermore, some provisions of the treaty
diffuse key issues with the potential to trigger
militarization. In particular: Art. [ prohibit military activity
for non-peaceful purposes; Art. IV provides a mechanizm
to respect various positions on territorial sovereignty; and
Art. 7 of the Madnid Protocol imposes a ban on mining in
the region.

Some civilian research and the operation of ground-based

Legal J2 - Use of civil receiving stations may represent non-peaceful use of
servants for military civilian personnel and therefore constitute measures of a
pUIposes military nature. The lack of clarity in this area makes it

difficult to detect violations.
I3 - Conatries' Inspection and monitoring practices under the Antarctic
C Treaty and the Madrid Protocol are infrequent and limited
resistance to the . - . i .
inspection resime for in scope. Inspection teams lack access and sufficient
*pEc = technical knowledge to identify whether certain types of
detecting dual-use L = - . e
= scientific equipment are being operated for malitary
equipment :
purposes.
. ) The presence of thick ice sheets, glaciers and gollies across
G1 - Extenzion of ice ar ) ; = =
o Q8% of the continent’s surface, along with sea ice and
. sheets and restriction of | | _ = .
Geographic icebergs around the continent's coasts, are challenging to

access to land and sea

arens maritime access to the continent and logistics, requiring

high-value specialized equipment such as icebreaker ships.

The interactions between these 12 FM were modeled using the
Fuzzy Cognitive Maps method. The method provides for the generation of
a visualization (map) for analyzing mental projections (cognitive) through
criteria valuation (fuzzy).

A cognitive map is a structure used to graphically present the cause-
and-effect relations between several important concepts in a problem (Kosko
1986). The map traces a “mental perspective” of an individual, allowing the
“impact power” of these relations to be calculated through numbers in the
range [0,1] or [-1,1] (Yousefi, Jahangoshai Rezaee, and Moradi 2020). These
mental representations change continuously and any attempt to capture them
will modify them; they are, therefore, inaccessible to the researcher. In this
way, the map does not accurately model cognitive representations, but rather
perceived relations and serves as a tool to support analysis and the decision-
making process.

Although FCM are a derivation of cognitive maps (CM), there are
differences. Both are graphical tools that model an individual’s cognitive (or
mental) representations, seeking to explicitly represent influence or causality
between variables in order to assist the decision-making process. FCMs differ
from CMs in that they evaluate concepts and their causal relations through
mathematical modeling, which includes fuzzy logic and neural networks.
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FCMs have applications in several fields, such as: analyzing and
predicting decisions; identify variables in a system for control and monitoring
and support the decision support process. The first step in creating a cognitive
map is the survey of variables derived from the experience and knowledge of
experts in the field under study, from which concepts and causal relations
can be traced. Obtaining this information can be done through statements,
interviews and questionnaires. The main components of the FCM are the
nodes and arcs that represent, respectively, concepts and interconnection
relations. These arcs symbolize relations of influence/causality. A positive
sign associated with the arc indicates that the increase in one concept will
imply an increase in the other related concept. The negative sign indicates
that the increase in one concept will influence the decrease in the other
related concept (Sperry and Jetter 2019; Shahbazi 2022; Yousefi, Jahangoshai
Rezaee, and Moradi 2020).

When modeling an FCM, the problem concepts are called Ci, where
i varies from 1 to N, with “N” being the total number of concepts. The
arcs are assigned weights that show the intensity of the impact. These arc
weights, called wij, vary in the range [o, 1] or [-1, +1] and are arranged in an
N x N matrix, called Adjacency Matrix. The cause-and-effect relations of the
Adjacency Matrix are directed from row i to column j. For example, the C1-C6
relations are represented by a weight w61 = +0.0, thus being indicated in the
matrix, while the C1-C6 relations, represented by w61, have a value of +o0.2.
Fig. 3 shows an example of an FCM with its adjacency matrix, representing
the causal relations between the concepts of a problem (Papageorgiou et al.
2020).

Figure 3 — Example of an FCM with its Adjacency Matrix

+
o
wn
|
e
@©
oo oo

Source: Adapted from (Papageorgiou et al. 2020).
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According to (Papageorgiou et al. 2020), the following steps are
necessary to create an FCM:

- selection and numbering of concepts (Ci) that will be objects of
analysis;

- definition of the causal relation between concepts; and

- determination of the strength of the impact between concepts;

The intensities of the impacts (w) of the causal relation between
the concepts and the type of impact (positive or negative) are essential for
assembling an FCM:

- wij = o, there is no causal relation between concepts;

- wij > o, causal increase (Cj increases as Ci increases and Cj decreases
as Ci decreases);

-wij < o, causal decrease (Cj decreases as Ci increases, and Cj increases
as Ci decreases).

Table 3 presents reference values for the intensity of the impact of
cause and effect relations between concepts.

Table 3 — Measures of fuzzy causal relations

Cause-effect relations between variables Numeric values
Very strong increase (attenuation) 0.9:1¢-09;-1)
Strong increase (attenuation) 0.7:08(-07.-08)
Moderate increase (attenuation) 0.5; 0,6 (-0,5; -0.6)
Weak increase (attenuation) 03:04(-03;-04)
Very weak increase (attenuation) 0.1; 0.2 (-0.1; -0.2)
Null (absence of relation) 0

Source: Adapted from (Papageorgiou et al. 2020).

The problems that are submitted to decision makers are not composed
of variables that remain static, therefore generating a changeable environment
where FM interact dynamically (Papageorgiou et al. 2020). Under the scope
of artificial intelligence, a series of inferences generate continuous changes
in variables, based on values initially assumed for concepts and the arcs of
interconnection between them. Initially, concepts receive values Ai(k), which

@, ”

vary in the range from o to 1, being “0” when the concept does not exist at the
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7

initial moment and “1” when it is complete. The calculation of the following
values Ai(k+1) is done using inference rules, the most common of which are:
(1) Kosko inference, (2) modified Kosko inference and (3) rescaling inference,
according to Equations (1) to (3).

A,(k+1)=f[ 3 w,.,.A,(k)] 1)

y=l, i

N
A,(k+1)=f[A,(k)+ 3 w,,.A,(k)] (2)

J=1, j=i

v
A,.(k+1)—f{(2.A,(k)l)+ > -,1-,1.(2.‘4}(/«)1)) (3)

i=lJ

Value variations are calculated by the function f (.) and can be: (4)
bivalent (takes only two values), (5) trivalent (takes only three values), (0)
sigmoid or (7) hyperbolic tangent, as per shown in Equations (4) to (7),
respectively.

4
0, x<0 @

I, x=0
J(x)=40, x=0 (5)

f(x)z{l' x>0}

-1, x<0
1
S(x)= 7o ™ (6)
S(x)=tanh(A.x) (7)

The slope of the continuous function f is established by a positive
real number (A > o) and the value of the concept in the initial state Ai(k)
is represented by x. It is important to highlight that the sigmoid function
guarantees that the calculated value of each concept will belong to the interval
[0, 1]. The hyperbolic tangent function can replace the sigmoid when the
values of concepts can be negative, receiving values in the interval [-1, 1].

6 Expert reviews

From the set of 144 cause and effect relations of the 12 FM, fifteen
FM were considered evident, regarding the direct or indirectly proportional
relations and the directionality of the relations. These fifteen relations
were hidden from experts, so that they could be used as a factor to validate
judgments. Thus, if an expert coincided his assessments with the factor, the
quality of his judgments would be 1 (equivalent to 15/15), another who agreed
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on 12 out of 15 relations, the quality would be 80% (equivalent to 12/15),
following the other calculations. From an initial list of 28 Experts, 11 obtained
accuracies equal to or greater than 80%, and the matrix in Table 4 was then
created, using the weighted average of their evaluations.

Tabela 4 — Matriz Resultante

Foress | P1 El B2 Tl i») T3 T4 | a1 n n 73 Gl
1 | 0043 | 0463 | 0462 | 0307 | 0338 | 0255 | 0279 | 0,166 | 0436 | 0305 | 0441 | o oo
5 3 ) 5 3 5 2 3 3 0 3 |
21 | 016 | 0045 | D118 | 0369 | 0620 | 0523 | 0510 | 0083 | 0564 | 0433 | 0511 | o 000
3 g 3 2 4 3 g 3 2 3 3 |
= | 0637 | 0328 | 0101 | 0248 | 0234 | 0305 | 0321 | 0032 | Q121 | 0292 | 0333 | oo
1 g 3 3 8 o 3 1 7 5 0 HHRA
T1 | 044 | 0484 [ 0173 | 0045 | 0695 | 0478 | 0438 | 004 | 0425 | 0475 | 0359 | oo
2 g 3 8 8 3 3 2 0 4 g it
T2 | 0420 | 0500 | 0.158 | 0635 | 0045 | 0454 | 0416 | 0030 | 0322 | 0470 | 0477 | o o000
- 0 0 8 0 8 g 7 0 5 4 1
T3 | 0362 | 0457 | 0254 | 0395 | 0363 | 0045 | 0336 | 0017 | 0257 | 0364 | 0428 | o ooco
- 5 5 [ 0 8 8 3 5 1 2 3 it
0332 | 0471 | 0124 | 0447 | 0447 | 0423 | 0.045 | 0007 | 0306 | 0382 | 0466 | - .,
T 1 3 g 1 5 5 g g 3 5 7 | 0046
Al | 0260 | 0.15% | 0000 | 005 | GOII | 0,005 | 0,007 | 0,105 | 0107 [ 0097 | 008% | g ooe
B & 0 [ 3 8 El 3 5 9 [
;L | 0424 | 0385 [ 0072 | 0242 [ 0310 | 0280 | 0287 | 0215 | 0.045 | 0328 | 0331 | oo
’ 2 0 1 9 0 5 5 g 8 3 3 At
53| 0333 | 0370 | 0086 | 0251 | 0296 | 0275 | 0.280 | 0005 | 0259 | 0045 | 0385 | o oo
- g 3 7 7 g g 2 2 g 0 s
13 | 0470 | 0412 | 0187 | 0409 | 0446 | 0454 | 0304 | 0.105 | 0301 | 0337 | 0043 | o o0
- 4 5 9 2 3 6 g 2 3 9 8
0152 | 0182 0 | -0.112 | ©0.085 | D.098 | 0035 | 0209 | 0288 | 0173 | 0150 -
Gl 5 1 5 2 5 2 2 2 8 g | G048

7 Initial scenarios for modeling the algorithm

The initial states of the FM were adjusted in two scenarios: one
favorable and one critical. The initial values for each FM are “1”, when the
FM is considered “full” in the scenario, and “o”, when the FM is considered
absent or “null”. The favorable scenario considers that the FM harmful to the
STA and driving trends towards the militarization of the Antarctic continent
are initially null, receiving a value of “0”. The critical scenario reverses this
logic. FM Gr1, which concerns the increase in the extent of ice sheets with
the consequent restriction of access to land and sea areas, assumes inverted
values, being “1” in the favorable scenario and “o” in the critical one. FM E2
referring to the Ukrainian War starts with a value of “1” in both scenarios, for
consistency with the research objective. Fig. 4 illustrates the arrangement of

values according to the scenarios.
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Figure 4 - Initial state of interactions between Driving Forces

(0 - auséncia inicial da FM 1- presenca intensa da FM)

Cenario Favoravel Cenario Critico
/T~
(0,0,1,0,0,0,0,0,0,0,0,1) g (L3,1,1,1,1,1,1,1,1,1,0

.‘"“mh“ G1= geleiras aplenc e e g _,f

T “derretidas” — /

H"‘-\.. ,//
T e
S~

E2 - Guerra da Ucrinia nﬁdu estar presente nos dois cendrios
por coeréncia ao seu problema de pesquisa

Legenda: ("P1%,"E1" “E2","T1" "T2" "T3","T4" "A1","J1* *J2" *13","G1")

* Respectively: o- initial absence of FM 1- intense presence of FM;
Favorable Scenario Critical Scenario; Gi- Glaciers in full and melting; E2-
The Ukraine War needs to be present in both scenarios for coherence to your
research program; Subtitle.

To carry out the inferences of the fuzzy cognitive map, the “FCM”
application of the R software was used, considering the initial values of the
two scenarios and the dynamics of interactions by rescaling equation, which
recorded the final FM equilibria with the greatest number of stages, with six
steps for each scenario (Dikopoulou and Papageorgiou 2017).

The results of the interactions indicate values assumed by the
FM, between o and 1, indicating an increase or decrease in strength or
performance in the system, in relation to the initial values established in each
scenario. To make the interpretation coherent and facilitate the analysis of
the results, the 12 FM were separated into four groups: political-strategic (P1
and E1); scientific-technological (T1, T2, T3 and T4); legal (J1, J2 and J3) and
environmental (A1 and Gr1).

When evaluating the interactions of the Resultant Matrix, the ability
of one FM to influence the other (from row to column) and the extent to
which each FM is influenceable was considered. In the calculation, absolute
values were considered since there will be a positive or negative influence.
The FMs with the greatest capacity to influence are E1, T1, T2 and J3. And the
most influenced are E1, J3 and T3.

8 Results

The results were analyzed by sets of political-strategic FM (P1 and E1),
scientific-technological FM (T1, T2, T3 and T4), judicial-legal FM (J1, J2 and
J3) and environmental FM (A1 and Gi1). The graphs in Figs 5, 6, 7 and 8 show
the dynamic behavior of the interactions, which reached equilibrium in the
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sixth stage. In the favorable scenario, these undesirable FMs start in a null
state (“zero” value), indicating their absence at the beginning of interactions.
In the critical scenario, these forces start with a maximum value of “1”,
indicating their full presence at the beginning of interactions. The values on
the vertical axis show the intensity of the driving force in each stage until its
stabilization. The equidistance between the six stages are just to simplify the
graphical visualization, as it is not possible to infer how long each stage can
last, depending on the complexity of the system, its multiple interactions and
the freedom of action of the actors involved.

Figure 5 - Political-Strategic Driving Forces (P1, E1)"
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Analyzing the political-strategic FM, it is noted that in a favorable
scenario both FM would have a small initial variation that would later stabilize
at low values. The instability of the international system in this case would
have a greater initial variation indicating the pressures on the adjustment of
the international system. However, in this case the impact of the Ukrainian
War would not cause major disruptions. In the critical scenario where FM
would begin at its maximum level, the advantage of the militarization of
Antarctica (E1) would barely suffer a reduction, indicating a constant increase
in the deployment of resources and personnel for dual use. The instability of
the international system (P1) also remains at high levels, indicating that the
War in Ukraine can generate impacts that go beyond the regional level. It
therefore seems sensible to observe the development of the War in Ukraine
and its consequences, being aware that even if FM P1 and E2 are not at full
strength in the real situation, they are at high levels, closer to the critical
scenario, so they do not tend to have great attenuation. Analyzing the current

12 Translation: Favourable Scenario; Critical Scenario; Results; Interactions

154 Austral: Brazilian Journal of Strategy and International Relations
v.13, n.25, Jan./Jun. 2024



Luiz Octavio Gaviao and Michael Bilac Barbosa de Oliveira

moment of instability in the international system, the FM’s behavior would
be closer to the critical scenario than the favorable one.

Figure 6 — Scientific — Technological Driving Forces (T1, T2, T3 and
T4)"
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Considering scientific-technological FM, it can be seen that in the
favorable scenario all FM would present a relatively small initial boost (1.5 to
2.5%) with subsequent reduction and stabilization at low levels indicating the
permanence of existing technologies, therefore they would not be null, but
without dual use. The sequence of values T1, T4, T3 and T2 would indicate the
greater development and dissemination of the technology, which is coherent
when analyzing T1, which represents the use of receiving stations whose value
is preponderant as it is the basis for the other technologies. When checking
the unfavorable scenario for these same FMs, a small initial attenuation
(between 1 and 2%) is noted, followed by stability at high values close to full
use of technologies. This would mean that current capabilities already used
in a dual manner would have their military bias expanded. The sequence of
values T2, T3, T4 and T1 indicates which technologies would be most used.
In this case, the evolution and impacts of War in Ukraine may establish the
levels of use of these technologies as well as the maintenance of their use
exclusively in scientific activities or their use for military use.

13 Translation: Favourable Scenario; Critical Scenario; Results; Interactions.
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Figure 7 - Judicial-legal Driving Forces (J1, J2 and J3)*
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Judicial-legal FMs show similar evolution to other FMs in the favorable
scenario: small initial increase and subsequent stabilization at low levels. It
is worth highlighting the prominence of J1, which deals with the degree of
divergence between countries regarding compliance with STA obligations, as
even in a favorable scenario it stands out in values indicating initial divergences
between interested states. In a critical scenario, attenuation is small and levels
remain high. In this scenario, FM J3 draws attention as it would represent
the first indication of irregular activities due to the increased resistance of
countries to inspections. If a tendency for the War in Ukraine to continue,
although it is relevant not to reach catastrophic levels with the involvement
of several countries, there is a tendency for J1, J2 and J3 to remain at at least
intermediate levels, not favoring the balance of the STA but not necessarily
being disruptive.

14 Translation: Favourable Scenario; Critical Scenario; Results; Interactions.
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Figure 8 — Environmental Driving Forces (Al and G1)"
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Environmental FM, in turn, presents different behaviors from the
others. In the favorable scenario where Gr1 is set to value “1”, that is, “full”, as
a large extension of the ice layer is desirable, the FM suffers great attenuation
(more than 60%) which is understandable given that the time for this type
of climate change is relatively long. On the other hand, A1, which represents
the severity of the impact of climate change, has a small increase, indicating
the little relevance of these changes in a favorable scenario. For the critical
scenario, the opposite occurs, climate change is of great importance in the
militarization of the continent as well as the reduction of ice sheets.

From the analysis of the data resulting from the application of the FCM
to the values originating from the weighted average of the experts’ adjacency
matrices, it can be noted that the Ukrainian War will be a catalyst for the
FM, influencing the possible militarization of Antarctica, since its existence,
considered for both scenarios, changes the FM values. The intensity of the
changes will depend on the evolution of the conflict and whether it will be
restricted to the regional level or will spread not only in space, but in other
areas.

9 Conclusion

The research aimed to analyze the possible impacts of the Ukrainian
War on the balance of power between nations and how it could be a motivator
for revisionist actions by the great powers, based on militarized dual-use
structures, on the occasion of the STA analysis, scheduled for 2048.

Initially, the topic was contextualized, showing the characteristics of
Antarctica that made it relevant to the point of being included in the Brazilian

15 Translation: Favourable Scenario; Critical Scenario; Results; Interactions.
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Strategic Environment according to the LBDN and PND. POLANTAR was
also presented as a guiding standard for Brazilian objectives in the region, its
guideline that points to the defense of the exploration of Antarctica exclusively
for scientific research purposes, implementing the provisions of AED 83 of
the END. This initial part is important for offering an understanding of the
country’s objectives for the sixth continent, serving as a guide for research on
the topic.

Then, for a better understanding of the work by the reader, the
research problem, the final objective and the intermediate objectives whose
achievement leads to the solution of the first presented. Additionally,
justifications for establishing the scope that delimited the research were
presented, as well as the information that makes it relevant for study. Still in
the initial chapter, the organization of the research was explained, facilitating
the understanding of the sequence of the work.

The literature review, presented below, presented the two main study
themes: the geopolitical balance of the STA and the War in Ukraine. The
work used the theoretical basis of the research by McGee et al. together with
the fuzzy cognitive maps method to analyze possible interactions. Aiming to
meet this objective, a summary of the work by McGee et al. and the point at
which our research settled was indicated.

Next, the research dealt with the history of the continent, citing the
evolution of the level of interest in the region. From the period of relative
abandonment, lack of knowledge and lack of interest motivated by technological
difficulties in access, permanence and navigation, going through a period of
still incipient interest where only a few nations sought to establish objectives
on the continent through territorial claims when the first disputes arose. This
initial analysis was fundamental to better understand the power disputes that
made necessary the construction of the STA.

Elsewhere, the process of evolution of the international system since
the end of the Cold War, when the USA emerged as the only power and
leader of the neoliberal globalization process, establishing the period of Pax
Americana, is explained. The factors that led to the end of North American
unipolarity were then presented. They contain the origins of multipolarity, the
process of deglobalization and the reorganization of production chains. The
origins of the Ukrainian War and how it brought about a worsening of the
relationship between the USA and Russia were also presented. It also showed
that China’s non-alignment with other Western powers in favor of sanctions
on Russia was another stress factor for the international system. These factors
help explain the current instability in the international system and how it
could spread to other important strategic regions such as Antarctica.

This set of circumstances generates the need to investigate how this
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intensification of tensions can influence Brazil, especially on the Antarctic
continent. The investigation was carried out using the Fuzzy Cognitive Maps
methodology. It was described how the concepts and relationships of cause
and effect were submitted to the experts. It was also explained how the input
values for the R interaction software were generated from the Adjacency Matrix
resulting from the weighted average of the Questionnaires. The resulting
graphs were then presented, the analysis of which allowed the assessment of
the impact of the War in Ukraine on militarization and consequently on the
balance of the STA.

From the analysis of the graphics, it can be seen that regardless of
the chosen scenario, whether the “critical” one when the FM favorable to
militarization are at full strength or the “favorable” one when the FM favorable
to militarization are null, the War in Ukraine brings about a change in the
initial values, that is, it influences the system. The difficulty in developing
the prospective scenario is due to the fact that the conflict is ongoing and
could still be expanded or distended. The intensity of changes in FM and
consequently in the International System depends on the evolution of the
conflict and whether it will remain restricted to the regional level or will
spread.

Another relevant aspectis that the War in Ukraine exposed weaknesses,
dissolved treaties and generated new alliances. Furthermore, it showed the
fragility of the world production system and its need for reorganization.
By reorienting alliances and exposing divergences, the main global actors
turned their attention to issues of national sovereignty, militarization,
regional production and the search for new trade opportunities and sources
of resources. At this point, within some market possibilities, Africa emerged
and among some possibilities for resource sources, the Arctic and Antarctica
gained relevance.

Leaders and strategic thinkers have the responsibility to reflect and
prepare for the future before it arrives, this is called strategic planning.
The revision of the Madrid Protocol in 2048 may arise from an alignment
of interests of new and old actors. It is a plausible scenario and should be
considered especially by Brazil, which has Antarctica as part of its strategic
environment. However, it is noted that the conflict already influences the
balance of the global balance of power and is a candidate to be a catalyst for
change with the potential to influence changes in the Madrid Protocol. Some
of these new positions are ongoing and the extent to which they will reach will
depend on the future of the conflict. Among them we mention: resumption of
the US and NATO’s leading role, rearmament of EU countries, regionalization
of the production chain, reduction in the pace of global growth and isolation
of Russia from the West with consequent rapprochement with China, among
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others.

The evolution of the conflict in Ukraine and its impacts require
constant analysis of the international context to identify the position that the
country should and can adopt in view of its interests and mainly its National
Power to, subsequently, establish the directions for national strategy in a world
moving towards multilateralism. In this sense, it is more interesting and
more effective for the country to maintain its historical stance of conciliation
and establishment of transnational alliances.

In this way, the work in question achieved the purpose of analyzing
possible geopolitical impacts resulting from the Ukrainian War on the
stability of the STA that could encourage the militarization of the continent.
The limitations of the research imposed the need to establish a cut in the
analysis of the aspects considered most relevant. In this way, the following
improvements are visualized:

- the extension of this work by using the other FM listed in McGee’s
original research;

- expansion of the specialist group, diversifying into other areas of
activity;

- assessment of the applicability of the study in the analysis of conflicts
similar to the one considered here; and

- the study of expanding the Brazilian Antarctic Program, defining
priority areas and projects for investment as well as evaluating the possibility
of expanding the program’s logistical capacity by building new stations and
increasing the number of research projects

10 References

Agostinho, Maira Ferreira. 2019. “O Apoio Logistico da Marinha do Brasil Ao
Programa Antartico Brasileiro.” Revista de Villegagnon 14 (1): 37—45.

Aguiar, Monica Heinzelmann Portella de, and Leonardo Faria de Mattos.
2018. “A importincia estratégica da Antirtica para China e India a
luz do realismo ofensivo de Mearsheimer.” Austral: Revista Brasileira
de Estratégia e Rela¢oes Interacionais 77 (13): 214-34.

Andrade, Israel de Oliveira, Leonardo Faria de Mattos, Andrea Cancela da
Cruz-Kaled, and Giovanni Roriz Lyra Hillebrand. 2018. “Texto Para
Discussdo 2425: O Brasil na Antartica: a importincia cientifica e
geopolitica do PROANTAR no Entorno Estratégico Brasileiro.” IPEA.
Brasilia, DF. http://repositorio.ipea.gov.br/handle/11058 /89o01.

Bastmeijer, Kees. 2018. “Introduction: the Madrid Protocol 1998-2018. The

160 Austral: Brazilian Journal of Strategy and International Relations
v.13, n.25, Jan./Jun. 2024



Luiz Octavio Gaviao and Michael Bilac Barbosa de Oliveira

need to address ‘the success syndrome.”” The Polar Journal 8 (2):
230—40.

Bergeijk, Peter A G van. 2022. “Sanctions against the Russian War on Ukraine:
lessons from history and current prospects.” Journal of World Trade
56 (4)-

Boulégue, Mathieu. 2022. “The Militarization of Russian Polar Politics.”
London: Chatham House. https://www.chathamhouse.org/sites/
default/files/2022-06/2022-06-06-militarization-russian-polar-
politics-boulegue_o.pdf.

Brasil. 2016. “Ministério da Defesa. Livro Branco de Defesa Nacional. Versao
Sob Apreciagdo Do Congresso Nacional (Lei Complementar 97/1999,
Art.9o, {30).” Brasilia-DF: Ministério da Defesa. https://www.gov.br/
defesa/pt-br/arquivos/2017/meso3/livro-branco-de-defesa-nacional-
consulta-publica-12122017.pdf.

Brasil. 2020. “Ministério da Defesa. Politica Nacional de Defesa e Estratégia
Nacional de Defesa. Versdo Sob Apreciacio Do Congresso Nacional
(Lei Complementar 97/1999, Art. 9o, § 30).” Brasilia-DF: Ministério
da  Defesa. https://www.gov.br/defesa/pt-br/assuntos/copy_of_
estado-e-defesa/pnd_end_congresso_.pdf.

Brasil. 2022a. “Marinha do Brasil. Agéncia Marinha de Noticias. Novo Navio
de Apoio Antartico ja tem nome: ‘Almirante Saldanha.”” Brasilia-DF:
Marinha do Brasil. https://www.marinha.mil.br/agenciadenoticias/
novo-navio-de-apoio-antartico-ja-tem-nome-almirante-saldanha.

Brasil. 2022b. “Presidéncia da Republica, Secretaria-Geral, Subchefia para
Assuntos Juridicos. Decreto No 11.096, de 15 de Junho de 2022.
Institui a Politica Nacional Para Assuntos Antarticos.” Diario Oficial
Da UniZo. Brasilia: Presidéncia da Republica.

Camara, Paulo Eduardo Aguiar Saraiva, and Renato Batista de Melo. 2018.
“Brasil na Antartica, Os préximos 30 Anos.” Revista Da Escola
Superior de Guerra 33 (68): 64-81.

Castro, Therezinha de. 1976. Rumo a Antartica. S3o Paulo: Livraria Freitas
Bastos.

Ciuriak, Dan. 2022. “The Economic Consequences of Russia’s War on
Ukraine.” Verbatim, CD Howe Institute 11: 1—15. https://www.cdhowe.
org/sites/default/files/2022-04/Verbatim_o412_2022 %28003%:29.
pdf.

Colacrai, Miryam. 1998. El Artico y la Antartida. Su rol en las relaciones
internacionales. Su relevancia desde la perspectiva ambiental. Rosario:
Centro de Estudios en Relaciones Internacionales de Rosario. http://

161



The Impact of the Ukraine War on Antarctic Geopolitics through Fuzzy Cognitive Maps

rephip.unr.edu.ar/xmlui/bitstream/handle/2133/19943/COLACRAI-
Artico Antértida.pdf?sequence=2&isAllowed=y.

Colacrai, Miryam. 2016. “Cuando La Frontera Dialoga: Singularidades de
La Relacion Argentino-Chilena En Las Ultimas Décadas.” Estudios
Fronterizos 17 (34): 85-99.

Dikopoulou, Zoumpoulia, and Elpiniki Papageorgiou. 2017. “Fcm: Inference
of Fuzzy Cognitive Maps. R Package.” Viena: R Core Team. https://
cran.r-project.org/package=fcm.

Dodds, Klaus. 2019. “Reflecting on the 6oth Anniversary of the Antarctic
Treaty.” Polar Record 55 (5): 311-16.

FIESP. 2022. “Federacio das Industrias do Estado de S3ao Paulo. Impactos
comerciais do conflito entre Ruassia e Ucrinia.” S3o Paulo. https://
www.abregel.org.br/wp-content/uploads/2022/03/post-010322-
2022-03-07-Reunido-Diretoria-Ucrania_AC_final.pdf.

Hanessian, John. 1960. “The Antarctic Treaty 1959.” International &
Comparative Law Quarterly 9 (3): 436—80.

Hashimoto, Flavio Henrique Navarro. 2018. “Geopolitica da Antartida: a
atuacio do Brasil no continente de gelo.” Revista Intellector 15 (30):
121-33.

Irtyshcheva, Inna, Iryna Kramarenko, and Thor Sirenko. 2022. “The economy
of war and postwar economic development: world and ukrainian
realities.” Baltic Journal of Economic Studies 8 (2): 78-82.

Khudaykulova, Madina, He Yuanqgiong, and Akmal Khudaykulov. 2022.
“Economic consequences and implications of the Ukraine-Russia
war.” International Journal of Management Science and Business
Administration 8 (4): 44—52.

Kosko, Bart. 1986. “Fuzzy Cognitive Maps.” International Journal of Man-
Machine Studies 24 (1): 65-75.

Liadze, Iana, Corrado Macchiarelli, Paul Mortimer Lee, and Patricia Sanchez
Juanino. 2022. “Economic Costs of the Russia Ukraine War.” The
World Economy.

Makuc, Alejandra Victoria Molina. 2018. “La normativa Antartica de Estados
Unidos y su interaccién con la normativa internacional.” Revista
Sophia Austral, no. 22: 89-115.

Mattos, Leonardo Faria de. 2014. “A inclusdo da Antartica no conceito de
Entorno Estratégico Brasileiro.” Revista Da Escola de Guerra Naval
20 (1): 165-91.

Mattos, Leonardo Faria de, and Paulo Eduardo Aguiar Saraiva Cimara. 2020.

162 Austral: Brazilian Journal of Strategy and International Relations
v.13, n.25, Jan./Jun. 2024



Luiz Octavio Gaviao and Michael Bilac Barbosa de Oliveira

“A ciéncia antdrtica como ferramenta geopolitica para o Brasil.”
Revista Maritima Brasileira 140: 15-23.

Mbah, Ruth Endam, and Divine Forcha Wasum. 2022. “Russian-Ukraine
2022 War: a review of the economic impact of Russian-Ukraine crisis
on the USA, UK, Canada, and Europe.” Advances in Social Sciences
Research Journal 9 (3): 144-53.

McGee, Jeffrey, David Edmiston, and Marcus Haward. 2022a. “Scenario
analysis and the classical view of Antarctic geopolitics.” In The Future
of Antarctica, 169—84. Springer.

McGee, Jeftrey, David Edmiston, and Marcus Haward. 2022b. The Future of
Antarctica: Scenarios from classical geopolitics. 1st ed. Singapore:
Springer Nature. https://doi.org/10.1007/978-981-16-7095-4.

Medeiros, Sabrina Evangelista, and Leonardo Faria de Mattos. 2019.
“Antarctica as a South Atlantic maritime security issue.” In Maritime
Security Challenges in the South Atlantic, 105-27. Springer.

Molenaar, Erik J. 2021. “Participation in the Antarctic Treaty.” The Polar
Journal 11 (2): 360-80.

Orhan, Ebru. 2022. “The effects of the Russia-Ukraine war on global trade.”
Journal of International Trade, Logistics and Law 8 (1): 141-46.

Papageorgiou, Konstantinos, Pramod K Singh, Elpiniki Papageorgiou,
Harpalsinh Chudasama, Dionysis Bochtis, and George Stamoulis.
2020. “Fuzzy Cognitive Map-based sustainable socio-economic
development planning for rural communities.” Sustainability 12
(305): 1-31.

Papanikos, Gregory T. 2022. “Europe, Ukraine, Russia and USA: a conspiracy
theoryapproach. Working Paper, No 05/2022.” Athens: Working Paper.
05/2022.(PDF) Europe, Ukraine, Russia and USA: A Conspiracy

https://www.researchgate.net/profile/ Gregory-T-Papanikos/
publication/359024589_Furope_Ukraine_Russia_and_USA_A_
Conspiracy_Theory_Approach/links/627a6503973bbb29gccy21297/
Europe-Ukraine-Russia-and-USA-A-Conspiracy-Theory-Approach.
pdf.

Pereira, Analticia Danilevicz. 2013. “O Atlantico Sul, a Africa Austral e o
Brasil: cooperagao e desenvolvimento.” Austral: Revista Brasileira de
Estratégia e Rela¢des Internacionais 2 (4): 33—47.

Press, Tony. 2022. “Postcards from the frontline: a traverse across Australia’s
Antarctic policy.” Griffith Review, no. 77: 177-87.

Rai, Ashok. 2018. “Quadrilateral Security Dialogue 2 (Quad 2.0) — a credible

163



The Impact of the Ukraine War on Antarctic Geopolitics through Fuzzy Cognitive Maps

strategic construct or mere ‘Foam in the Ocean’?” Maritime Affairs:
Journal of the National Maritime Foundation of India 14 (2): 138—48.

Shahbazi, R. 2022. “Development of a decision support tool based on Fuzzy
Cognitive Mapping for energy transition of district heating systems of
Leeuwarden.” University of Twente.

Sperry, Richard C, and Antonie ] Jetter. 2019. “A systems approach to project
stakeholder management: Fuzzy Cognitive Map modeling.” Project
Management Journal 50 (6): 699—715.

Thorp, Arabella. 2012. “Antarctica: The Treaty System and Territorial
Claims.” House of Commons Library. https://researchbriefings.files.
parliament.uk/documents/SNoso40/SNo5o40.pdf.

Vieira, Friederick Brum. 2006. “O Tratado da Antartica: perspectivas
territorialista e internacionalista.” Cadernos Prolam/USP 5 (2): 49—

82.

Visentini, Paulo Fagundes. 2022. “O flanco leste do Entorno Estratégico do
Brasil: o desafio securitirio do Atlantico Sul e do litoral da Africa.”
Revista da Escola Superior de Guerra 37 (80): 94—108.

Wanlu, Wang. 2021. “The historical process and experience of China’s
participation in Antarctic governance: examples from ATCM and
CCAMLR.” Chinese Journal of Polar Research 33 (3): 421.

Witker, Ivan. 2015. “Entre una nueva Guerra Fria y el espiritu cooperativo:
caracteristicas centrales del Programa Antartico Ruso.” Pre-Bie3, no.
21 43.

Young, Claire. 2021. “Eyes on the prize: Australia, China, and the Antarctic
Treaty.” Sydney: JSTOR. https://www.lowyinstitute.org/publications/
eyes-prize-australia-china-antarctic-treaty-system.

Yousefi, Samuel, Mustafa Jahangoshai Rezaee, and Armin Moradi. 2020.
“Causal effect analysis of logistics processes risks in manufacturing
industries using sequential Multi-Stage Fuzzy Cognitive Map: a case
study.” International Journal of Computer Integrated Manufacturing

33 (10—11): 1055-75.

164 Austral: Brazilian Journal of Strategy and International Relations
v.13, n.25, Jan./Jun. 2024



Luiz Octavio Gaviao and Michael Bilac Barbosa de Oliveira

ABSTRACT

The purpose of this article is to evaluate the impact of the Ukrainian War on the
geopolitics of Antarctica. Beyond the borders of the countries involved, the most
immediate and noticeable impact of a conflict of this nature is evident in the economic
environment. However, international relations are tested or shaken, exerting pressure
on treaties and cooperation agreements between countries, through the reappearance
of past political issues. In 1959, the Antarctic Treaty sought to protect the continent
from territorial pressures capable of affecting its natural balance, but this type of
conflict compromises international cooperation and brings to light old interests in
resource exploration in that region. This complex system, composed of cause and
effect forces that involve the interests of the different countries involved in Antarctic
geopolitics, was quantitatively modeled by cognitive maps, which explore artificial
intelligence concepts to evaluate the behavior of these forces. The results indicated
trends in relation to 12 driving forces selected from the literature and evaluated by
experts from the Brazilian Antarctic Program, allowing the evaluation of the dynamics
of the system over time.
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